The migration of wall material or seeding impurities plays an important role in the formation of mixed materials, the impurity contamination of the plasma and tritium retention. First, this work presents an improved model for the sputtering from mixed material surfaces in WallDYN. Second, we present dynamic SDTrimSP and WallDYN simulations of the nitrogen implantation in Be and the migration of nitrogen in toka-
Introduction
Experiments in ASDEX Upgrade (AUG) and JET have demonstrated the ability to control the power load onto the divertor target plates by N 2 puffing [1, 2, 3] . In contrast to hydrogen and noble gases, N chemically interacts with tungsten and beryllium surfaces.
This leads to a storage of nitrogen from the plasma in the wall surfaces. As the surfaces have only a limited N storage capacity, excess N is reemitted from saturated surfaces.
The accumulation and migration of N in tokamaks has already been studied experimentally in AUG [4, 5, 6, 7, 8] , TEXTOR [9] and JET [10, 11, 12] . For AUG many of the experimental results could be reproduced by WallDYN simulations employing a novel model for the N saturation [7, 8] .
This work employs WallDYN to study the N migration in JET and ITER as examples of devices with a Be main wall. As a first step, the accumulation of N in Be under D-N co-bombardment is studied with SDTrimSP simulations [13] . Then, recent extensions to the WallDYN model are described which improve the accuracy of the sputter and Nsaturation models. Finally, WallDYN predictions on the N accumulation in JET-ILW and ITER are presented. It has to be pointed out, that these simulations cannot yet give a concluding picture of the N migration in JET or ITER, but rather should help to prepare experiments for a detailed benchmarking of WallDYN.
Currently, only few experimental results concerning the N migration in JET-ILW are available: A study of the N retention and legacy with Be main wall, mainly based on residual gas analysis and spectroscopy, was reported in Ref. [11] . A surface analysis of tiles removed from JET reported a rather inhomogeneous distribution of N, with a pronounced maximum in the net-deposition region on the apron above the inner divertor [12] .
Accumulation of N in Be under D-N co-bombardment
SDTrimSP [13] is widely used to simulate the interaction of energetic ions with matter.
It is based on the binary collision approximation in combination with electronic stopping, so that chemical effects are not readily taken into account. However, earlier studies have shown that SDTrimSP with a maximum N concentration for N in Be of 40 % is well suited for the simulation of N implantation in Be [14, 15] . As for the case of W surfaces in Ref. [16] , the accumulation of N in Be bombarded with D and N atoms with an impact angle of 40
• has been simulated with SDTrimSP for varying N fraction in the beam and various energies. As N ions in fusion plasmas are usually multiply ionized and 
WallDYN model and recent improvements
To include the complete migration chain of erosion, transport through the plasma, redeposition and potential re-erosion in our analysis, we employ the WallDYN code [8, 18] for our analysis of the N migration. WallDYN simulates the evolution of the surface composition of the first wall, which is discretized into about 50 poloidally distributed wall The loss of N to the vacuum pumping system is modeled by pumping tiles (green lines in Fig. 3 ) with zero sputter and reflection yield. As described in Ref. [22, 23] . § For N in W it is just the other way round and WallDYN seems to overestimate the N erosion [8] 3.1. Sputtering of mixed materials
As described in Ref. [18] the sputter yield of species e from a mixed material surface in WallDYN is usually calculated by
where E Kin is the kinetic energy of the impinging particle, σ i is the areal density and σ i /σ tot the concentration of species i in the target surface, N the number of elements, and the parameters Q 0 , E T hresh and a i are determined individually for each projectiletarget combination by a fit to SDTrimSP simulations. This formula works well in that it generally reproduces the known energy dependence of the sputter yield and includes effects of the composition on the sputter yield. A technical problem related to this formula is the interdependency of the parameters Q 0 and a e . This makes it rather difficult to compare different sets of these parameters or to compare such parameters to experimental results.
To overcome this problem a modified expression for the sputter yield was introduced in WallDYN:
where Q pure 0 is fitted to SDTrimSP simulations with σ e /σ tot = 1 and can be easily compared to experimental results. A composition dependence is introduced by the terms a i and byẼ T hresh
which is composed of E pure T hresh , the threshold energy for a pure elemental surface with σ e /σ tot = 1, and a term representing the composition dependence of the threshold energy.
This model for the sputtering from mixed surfaces avoids the problems associated with the interdependency of Q 0 and a e , but also results in a better quality of the fits. One can see that N is present in the whole divertor region and in large parts of the main wall. The dark areas of the wall represent regions, where the N areal density significantly exceeds the N saturation areal density specified for the reaction zone. These areas are regions of net Be deposition and the comparatively high N areal densities result from
In contrast, SDTrimSP predicts that the W sputter yield under D-N bombardment is constant [16] ¶ Corresponding to a very strong N puff in JET a "co-deposition" of N with Be. SOL flows to the high field side, as they are usually observed experimentally [24] , would shift the Be deposition areas, and therefore the N co-deposition, to the high field side. This is actually the case for the JET simulations, which are based on a plasma background featuring strong SOL flows towards the high field side. In these simulations the co-deposition of N with Be is predicted to occur on the apron above the inner divertor, similar to the results from Ref. [12] . For the long term N balance the co-deposition of N with Be leads to a continuous increase of the N wall inventory, different from the case of AUG with a W main wall. As an estimate for the wall inventory in JET after puffing 3.8 · 10 22 N atoms the simulation gives a value of 0.9 · 10 22 N atoms. This value has to be compared to 2 · 10 22 N atoms, which were missing in the gas balance in Ref.
[11]. Taking into account that part of the missing N probably sticks in the vessel in the form of ammonia (a process not included in WallDYN) and the uncertainties entering the calculation of this number, this seems like a reasonable agreement.
Finally, we want to discuss the impact of the plasma wall interaction on the N fluxes and distribution in the plasma. To this end Fig. 5 shows the results from 4 WallDYN simulations with an ITER geometry. These simulations differ in the location of the N puff, which is either in the divertor or from the vessel top, and in the magnitude of the sputter and reflection yields, which are based either on simulations with perpendicular impact or an impact angle of 40
• . In Fig. 5a one can see the evolution of the effective N fluxes into the plasma. For the simulations with N puff from the top, the initial flux is not increased above the the puff rate, because the kinetic reflection yield for N ions impinging on the Be surfaces around the puff location is very low. For the simulations with divertor puff, the total N flux into the plasma at t = 0 s is increased by the kinetic reflection of N impinging on W surfaces to 1.9 · 10 22 N s and 2.2 · 10
N s
for the case employing the yields for perpendicular impact and an impact angle of 40 • , respectively. As the surfaces get saturated with N, the effective N reflection coefficient and the N flux into the plasma rise by more than two orders of magnitude. Thereby, the N flux is higher for a puff from the vessel top (further away from the pumping system) and lower for the simulations with higher sputter yield (which leads to stronger wall pumping by co-deposition). Figure 5b shows the ratio of N fluxes to the outer divertor target to the N core concentration as a measure for the divertor enrichment. For the N puff from the vessel top the wall pumping reduces the divertor enrichment and so the saturation of the surface N content increases the divertor enrichment. For the N puff from the divertor, less N is transported into the main plasma with stronger wall pumping. That means the divertor enrichment goes down with increasing N surface coverage or smaller sputter yields. Still, WallDYN predicts that the divertor enrichment for the case of a divertor puff remains higher than the enrichment for a puff from the vessel top.
Conclusion
This work is part of an effort to improve the understanding of N migration by combining laboratory experiments, computer simulations and tokamak experiments [7, 8, 16] . The 
